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EgyptAbstract The present study examines ecological variables and their effect on sex ratios of four
marine ostracod species of Red Sea which are exhibiting sexual dimorphism. These species are:
Loxoconchella dorsobullata, Falsocythere maccagnoi, Tanella seminis and Bradleya reticulata. The
study site locates at 28 km south of Qusier City along the Red Sea Coast, Egypt. Samples were
collected monthly for two years (2011 and 2012). Ecological variables were measured through
the collection period and correlated with density of the studied ostracod species. These ostracod
species can live in alkaline water, resist high levels of salinities and tolerate with high conductivity.
On the other hand, their sex ratio was biased to females for F. maccagnoi and biased to males for B.
reticulata. The goodness of ﬁt was 3:1 (female:male) for F. maccagnoi, 1:4 for B. reticulata, whereas,
sex ratio for L. dorsobullata and T. seminis was 1:1.
ª 2014 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Ostracoda is considered as one of the most diverse and impor-
tant group of zooplanktons. It consists of lateral compressed
bivalve carapace closing appendages and soft parts. Ostracods
are broadly distributed in all aquatic environments showing
diverse to various ecological factors. Furthermore, they are
highly sensitive to changes in different environmental vari-
ables, which can affect on species composition as a whole
(Delorme, 1991; Ku¨lko¨ylu¨og˘lu and Du¨gel, 2004). However,
their functional roles are poorly known due to the complexityof their taxonomy and the scarcity of ecological studies for
most species (Holmes and Chivas, 2002).
From reproduction point of view, sexual reproduction is
more common in the animal kingdom than asexual reproduc-
tion and occurs in nineteen of the thirty four known phyla.
Marine ostracods are mostly reproducing sexually; whereas
asexual reproduction is widespread among non-marine species
(Bell, 1982). The sex ratio of marine ostracods is slanted and
varies greatly from one species to another, and each species
has its own particular pattern in seasonal change of sex ratio
(Abe, 1990).
Few workers have discussed the sex ratio of some palaeozo-
ic marine ostracod species (e.g. Martinsson, 1956) and in a
small cove of Japan (e.g. Van Harten, 1983; Kamiya, 1988).
However, other studies have been carried out on Red Sea
ostracods of Egypt (Hartmann, 1964; Bonaduce et al., 1976,
426 E.A. Yousef1980; Helal and Abd El-Wahab, 2011). The present study was
carried out to investigate seasonal changes of four ostracod
species due to the ecological variables of Red Sea to determine
their sex ratios.
Methodology
The study site locates at 28 km south of Qusier City (known as
El-Sharm El-Bahari, Fig. 1), in the midway between Safaga
and Marsa Alam Road, Red Sea Coast of Egypt. This site
was selected owing to its oligotrophic ecosystem (rich in phy-
toplankton, diatoms and blue green algae). The investigated
samples were collected monthly for two years (January 2011–
December 2012). The studied samples were taken using plank-
ton net made of nylon cloth with mesh size 200 lm and ﬁxed in
4% formalin. Ecological variables (pH, dissolved oxygen [mg/
L], water temperature [C], air temperature [C], electrical con-
ductivity [lS/cm] and salinity [ppt]) were also measured
monthly using an environmental Multi Probe System.
In laboratory, four ostracod species (Loxoconchella dorso-
bullata, Falsocythere maccagnoi, Tanella seminis, Bradleya
reticulata) were examined, picked, counted and then preserved
in an alcohol (70% concentration). To identify these species,
samples were examined in details using high magniﬁcation
microscope based on identiﬁcation roles of the pioneer scien-
tists of ostracods (Hartmann, 1964; Maddocks, 1969;
Bonaduce et al., 1980).
The sex of the studied ostracods was determined by micro-
scopic examinations at 40· or 100· based on the presence of
copulatory organs in males and ovaries in females, as well as
the differentiation of body length in both males and females.
Owing to their opaque shells, these ostracod species were
dissected to distinguish sexed. Also, a Chi-square test wasFigure 1 Shows location map (A) andconducted to study goodness of ﬁt of sex ratio to a 1:1 ratio.
A two-tailed Pearson rank correlation test was used to exam-
ine the relationships among ﬁve environmental variables.
Finally, statistical analysis was performed by using SPSS soft-
ware package (version 16).
Results and discussion
Effect of ecological variables on abundance of ostracod species
The four studied ostracod species (L. dorsobullata Hartmann,
1964, F. maccagnoi Ciampo, 1971, T. seminis Bonaduce
et al., 1976 and B. reticulata) are belonging to four different
families of order Podocopida. Order Podocopida is the most
diverse of the four orders of ostracods (Tsukagoshi and
Parker, 2000). This order is the largest group of recent Ostra-
coda, its carapace up to 8 mm long (usually less than 1 mm)
and its ventral margin of carapace straight or concave at least
in the oral region. Their valves are usually strongly calciﬁed,
smooth or ornamented as well as their adductor muscle scars
are varied (Angel, 2000). The total number of these species
was 8637 through two years of collection (Table 1). The total
density of F. maccagnoi was 3739 individuals per 10 litres and
is considered the most abundant species constituting 43% of
the assemblages (Table 1 and Fig. 2A). Therefore, the densities
of L. dorsobullata (Fig. 2B) and T. seminis (Fig. 2C) were 1903
and 1983 individuals, respectively. As well as, B. reticulata
(Fig. 2D) has the smallest density of the present study (1012
individuals) constituting 11% of the studied assemblages
(Table 1).
It is clear that, the monthly variations of F. maccagnoi den-
sity was varied from 37 to 307 and had two peaks yearly in
both spring and summer: in March and July, 2011 and in Aprilsampling site (B and C respectively).
Table 1 Categorized densities of the studied four ostracod species and environmental variables.
Months Counted numbers Ecological variables
Loxoconchella dorsobullata Falsocythere maccagnoi Tanella seminis Bradleya reticulata
Number
of male
Number
of female
Total Number
of male
Number
of female
Total Number
of male
Number
of female
Total Number
of male
Number
of female
Total Salinity pH Electrical
conductivity
Dissolved
oxygen
Air temperature Water
temperature
Jan-2011 29 19 48 28 46 74 62 57 119 5 5 10 41.8 8.6 64.3 6.6 15 16.3
Feb 13 30 43 33 50 83 89 67 156 8 4 12 43.2 8.32 63.8 5.6 18.6 17.2
March 60 63 123 105 118 223 40 53 93 87 14 101 41 8.4 63.8 5 21.6 21.7
Apr 57 41 98 56 92 148 18 41 59 63 12 75 42.1 8.33 63.9 4.4 28.8 25.3
May 24 47 71 63 142 205 16 29 45 38 0 38 41.4 8.4 63.3 4.8 27.4 21.4
Jun 25 26 51 58 211 269 27 39 66 17 7 24 45.8 8.3 62 4.2 29 27
Jul 18 11 29 70 230 300 35 39 74 64 11 75 40.6 7.9 64.1 4 31.1 26.4
Aug 54 28 82 46 172 218 46 22 68 28 8 36 41.7 8.27 63.2 3.8 32 28.7
Sep 69 77 146 74 84 158 52 33 85 16 8 24 41 8.3 63 4.9 21.3 26.3
Oct 68 64 132 29 84 113 47 78 125 11 2 13 41.6 8.2 63.3 6 30.8 25.2
Nov 28 44 72 5 35 40 18 29 47 24 7 31 41.4 8.13 65 5.8 29.1 24.3
Dec 17 29 46 12 25 37 30 43 73 14 5 19 40.8 8.27 63.8 6 22 22.2
Jan-2012 46 31 77 18 36 54 46 80 126 17 7 24 42.4 8.55 63.2 6.7 17.8 17.2
Feb 58 27 85 36 53 89 67 35 102 57 8 65 41.2 8.37 63.8 6.1 23 18.3
Mar 38 67 105 26 156 182 41 21 62 58 25 83 42 8.5 64.2 5.2 22 22.6
Apr 91 77 168 83 179 262 30 23 53 94 18 112 42 8.4 64.9 5 29.2 24.8
May 35 59 94 62 167 229 56 27 60 33 8 41 41.4 8.3 62.4 4.9 23.2 23.2
Jun 16 20 36 73 101 174 28 50 78 32 6 38 42 8.4 63 4 31 28
Jul 24 21 45 114 193 307 39 28 67 66 22 88 39.6 8.1 62 3.5 33.4 34
Aug 36 16 52 77 119 196 35 23 58 21 6 27 43.2 7.92 63.6 4.7 32.2 32
Sep 12 32 44 25 62 87 37 23 60 13 5 18 43.8 7.97 63.4 5.3 28.9 28.4
Oct 62 52 114 31 48 79 37 69 106 19 0 19 41 8.1 63.9 5.3 30.8 27
Nov 54 49 103 36 49 85 63 36 99 4 12 16 42.2 8.2 64.4 6.3 29.1 22
Dec 13 26 39 31 96 127 37 55 92 10 3 13 42.2 8.42 63.5 6.8 20.5 16.6
Total 947 956 1903 1191 2548 3739 996 1000 1973 799 203 1002
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Figure 2 Monthly changes in density of the studied four species; Falsocythere maccagnoi (A), Bradleya reticulata (B), Loxoconchella
dorsobullata (C) and Tanella seminis (D).
428 E.A. Yousefand July, 2012, respectively (Fig. 2A). Whereas, the monthly
changes of L. dorsobullata and T. seminis density (Table 1;
Fig. 2B and C) ranged from 29 to 168 and from 45 to 156,
respectively. On the other hand, the density of L. dorsobullata
had two peaks annually in both spring and autumn: in March
and September 2011 and in April and October, 2012, (Fig. 2B).
While, three peaks per year were observed within the monthly
variations of T. seminis density during winter, summer andautumn (Fig. 2C). These peaks were recorded in February,
July and October, 2011and in January, June and October,
2012. The higher and lower density values (10 and 121) of B.
reticulata were occurred in January, 2011 and in April, 2012,
respectively. Also, it is clearly that the B. reticulata had six
peaks during the study period (Fig. 2D).
Detailed surveying of our data shows that, the studied spe-
cies had more abundance in warm seasons within their life-
Sex ratios and seasonal changes in density of four ostracod species 429cycle (e.g. F. maccagnoi and B. reticulata in summer and
spring; L. dorsobullata in spring and autumn and T. seminis
in winter and autumn). This observation was concluded by
many authors ﬁndings (e.g. Cohen and Morin, 1990; Adholia
and Vyas, 1993; Rieradevall and Roca, 1995; Opreanu, 2005;
Winsky et al., 2006; Ramulu et al., 2011). They (op. cit)
recorded that, ostracod species had a number of peaks in their
density occurred in warm seasons and late fall in winter.
By looking for the measured physico-chemical environmen-
tal variables (atmospheric temperature, water temperature,
pH, dissolved oxygen, electrical conductivity and salinity), it
was clear that, the atmospheric temperature ranged from
15 C in January 2011 to 33.4 C in July 2012. Similarly, water
temperature varied from 16.3 C in January 2011 to 34 C in
July 2012 (Table 1 and Fig. 3A). Furthermore, pH-value of
the studied living ostracod species indicated that the medium
is alkaline with small variations. Its value varies from 7.9 inEl
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Figure 3 Monthly changes in ecological variables (atmospheric te
conductivity and salinity) from January 2011 to December 2012.July 2011 to 8.6 in January 2012 (Fig. 3B). The dissolved oxy-
gen content of water varied from 3.5 mg/l in July 2012 to
6.8 mg/l in December 2012 (Fig. 3B). The electrical conductiv-
ity ﬂuctuates between 62 lS/cm in June 2011 and 65 lS/cm in
November 2011, (Fig. 3C). The water salinity of the studied
species ranged from 39.6 & in July 2012 to 45.8 & in June
2011 (Fig. 3C).
It is clearly noted that, the alkalinity of Red Sea water pre-
served the ostracod valves against destroyed for long time more
than acidic conditions of freshwater which dissolve ostracod
valves quickly (Grossman and Benson, 1967; Delorme, 1989).
Furthermore, it was observed that the F. maccagnoi was the
most abundant species during the collection period (Table 1
and Fig. 2A). These observations were disagreement with the
ﬁndings of some researchers (e.g. Pacal, 2011; Elakkiya,
2012), They pointed out that the ostracod species were abun-
dantly in all their collected samples or in one site only.D
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Table 2 Pearson rank correlation matrix for the studied ostracod species and some environmental variables.
L. dorsobullata F. maccagnoi T. seminis B. reticulata Salinity pH Electrical
conductivity
Dissolved
oxygen
L. dorsobullata r
sig.
F. maccagnoi r 0.044
sig. NS
T. seminis r 0.004 0.475*
sig. NS S
B. reticulata r 0.341 0.622** 0.401
sig. S S S
Salinity r 0.206 0.062 0.026 0.361
sig. NS NS NS S
pH r 0.217 0.178 0.280 0.066 x 0.033
sig. NS NS NS S NS
Electrical conductivity r 0.253 0.413* 0.045 0.144 0.150 0.041
sig. NS S NS NS NS NS
Dissolved oxygen r 0.075 0.792** 0.539** x 0.465* 0.063 0.377 0.434*
sig. NS S NS S NS S S
Water temperature r 0.003 0.523** 0.544** 0.217 0.044 0.686** 0.355 0.784**
sig. NS S S NS NS S S S
a: List wise N= 24.
S: Correlation is signiﬁcant.
NS: Correlation is not signiﬁcant.
* Correlation is signiﬁcant at the 0.05 level (2-tailed).
** Correlation is signiﬁcant at the 0.01 level (2-tailed).
430 E.A. YousefCorrelation between ecological factors and density of studied
species
The result of correlation analysis between density of the stud-
ied four species and ecological variables is listed in Table 2.
Through matching correlation data among these species, it
was clearly that, the density of L. dorsobullata was correlated
positively with B. reticulata, as well as the density of
F. maccagnoi was positively correlated with both B. reticulata
and water temperature, in the same time it was negatively cor-
related with conductivity, dissolved oxygen and T. seminis
(Table 2).
Similarly, through matching correlation data between these
species and environmental variables, it was observed that L.
dorsobullata was correlated positively with pH, electrical con-
ductivity and dissolved oxygen and negatively correlated with
salinity and water temperature (Table 2). Both L. dorsobullata
and F. maccagnoi density had positively correlation with pH,
electrical conductivity and dissolved oxygen and negatively
correlated with water temperature (Table 2). These
observations were conﬁrmed by many authors (e.g. Benson
and Sylvester-Bradley, 1971; Breman, 1976; Mezquita et al.,
2000).
The results of the current study showed that, the studied
four ostracod species were well adapted to coastal ecosystem
of 28 km south of Qusier City along Red Sea Coast and indi-
cated a positive correlation between the density of F. maccag-
noi and water temperature. Therefore, the results of Pearson
correlation coefﬁcient analysis showed that the density of the
studied species were positively correlated among themselves
(P< 0.01) and dissolved oxygen. Furthermore, it was noted
that, the dissolved oxygen is not an inﬂuential factor within
aquatic ecosystem of the studied ostracod species. Thisobservation was concluded by many author ﬁndings (e.g.
Ellis et al., 1946; Sameoto, 1986; Ku¨lko¨ylu¨og˘lu et al., 2007)
and disagreed with some another’s ﬁndings (e.g. Kubanc¸,
2005; Ku¨lko¨ylu¨og˘lu, 2005; Pe´rez et al., 2010).
Sex ratio of ostracod species
Havel et al. (1990) found no evidence of mixed breeding system
in ostracods and indicated that female-biased sex ratios were
common in freshwater ostracods. However, other authors
(e.g. Bauer, 1940; Hoff, 1942) reported that Cyprinotus incon-
gruens and Corydoras reticulatus contain males in some
populations.
Additionally, Fisher (1958) and Hamilton (1967) noted that
sex ratios are expected to be close to 1:1 at equilibrium. There-
fore, many natural populations conformed to this rule but
Werren (1980) disagreed with this observation. Furthermore,
others (e.g. Heip, 1976; Angel, 1977; Moguilevsky and
Gooday, 1977) reported that the sex ratio of ostracods was
female-biased from small ponds to open oceans.
The sex ratio data of the studied species showed that, F.
maccagnoi (Fig. 4A) was biased to females in all over the per-
iod of collection (v2 value for females to males was 3:1), where
the sex ratio of females ranged from 53% to 88% and from
58% to 86% in 2011 and 2012, respectively. Additionally, its
male’s sex ratio varied from 12% to 47% and from 14% to
42% in 2011 and 2012, respectively. The sex ratios of L. dorso-
bullata (Fig. 4B) and T. seminis (Fig. 4C) are ﬂuctuated around
50% (v2 value for females to males was 1:1), while the sex ratio
of B. reticulata (Fig. 4D) was biased to males during the two
years of collection (v2 value for males to females was 4:1),
where its sex ratio of males ranged from 50% to 100% and
from 25% to 100% in 2011 and 2012, respectively. As well
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Figure 4 Monthly changes in sex ratios of adults of the studied four species; Falsocythere maccagnoi (A), Bradleya reticulata (B),
Loxoconchella dorsobullata (C) and Tanella seminis (D).
Sex ratios and seasonal changes in density of four ostracod species 431as, its sex ratio of females varied from 0% to 50% and from
0% to 75% in 2011 and 2012, respectively.
Conclusions
Based on the results of this study, the following conclusions
could be drawn:
1. This study can be used as an abdicable model of sex ratios
and seasonal changes of marine ostracods.2. Sex ratios of marine ostracod have different models in
coastal ecosystem.
3. The densities of studied ostracod species is controlled by
some ecological factors.
4. The alkalinity of Red Sea water preserved the ostracod
valves against destroying for a long time more than the
acidic conditions of freshwater.
5. The four studied ostracod species can live in alkaline water,
resist high levels of salinities and tolerate with high
conductivity.
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